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TITLE: AIR MASS FLOW CONTROLLER VALVE 
Inventor: Frederic Gagnon 

[0001] This application claims the benefits of provisional patent application S.N. 60/214,667, filed 
on June 27, 2000; and provisional patent apphcation S.N. 60/214,627, filed on June 28, 2000, which 
are hereby incorporated by reference in their entirety. 
Field of the Invention 

[0002] This invention relates to an air mass flow controller valve in general, and more particularly 
to an air mass flow controller valve for fuel cells containing several flow passages, each controlled 
independently by an associated electro-mechanical actuating device. 
Background of the Invention 

[0003] It is believed that a fuel cell consists of two electrodes sandwiched aroimd an electrolyte. It 
is beheved that oxygen, from air, passes over one electrode and hydrogen, from one or more storage 
device, passes over the other electrode, that, in a chemical reaction, generates electricity, water and 
heat. 

[0004] The electricity generated by a fuel cell is believed to be regulated at least in part by the 
amount of air or oxygen delivered to the fuel cell. Where the fuel cell includes a plurahty of fuel 
cell units, it is beheved that there is a need to accurately regulate the amount of air or oxygen 
delivered to each fuel cell unit. 
Summary of the Invention 

[0005] The present invention provides an air mass flow controller valve for fuel cells. The airmass 
flow controller valve can be used to dehver a desired amount of air or any other gases to fuel cells. 
The flow controller valve includes an inlet disposed along a first axis. At least two channels are in 
communication with the inlet and are disposed along a second axis. At least one air mass sensor is 
disposed proximate to one channel of the at least two channels. A seat portion is disposed between 
the channel of the at least two channels. The flow controller valve also includes at least two closure 
members. One of the at least two closure members is disposed proximate one channel of the at least 
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two channels. The other of the at least two closure members is disposed proximate the other channel 
of the at least two channels. Each closure member can be moved to a plurality of positions. 
Preferably, the plurality of positions includes a first position and a second position. The first 
position permits air flow between each channel and the inlet. The second position prevents 
communication between one channel of the at least two channels and the inlet. At least two 
actuators are coupled to a respective one of the at least two closure members. The at least two 
actuators are responsive to one of the air mass sensors disposed in each channel of the at least two 
channels to move a respective one of the at least two closure members between the first position and 
the second position. 

[0006] The present invention also provides a method of distributing metered airflow firom an inlet 
to a plurality of channels in a fuel cell. Each channel of the plurality of channels is provided with an 
air mass flow sensor and a plurality of closure members. Each closure member is contiguous to a 
seat portion and is disposed in a respective channel of the plurality of channels. Each closure 
member is movable by an actuator between a first position to permit flow and a second position to 
prevent flow. The method includes flowing air to the inlet; determining an air mass amount in each 
channel of the plurality of channels; and metering the air mass amount provided to each channel 
fi-om the inlet as a function of a desired air amount and the air mass amount determined in each 
channel. 

Brief Descriptions of the Drawings 

[0007] The accompanying drawings, which are incorporated herein and constitute part of this 
specification, illustrate an embodiment of the invention, and, together with the general description 
given above and the detailed description given below, serve to explain the features of the invention. 
[0008] Figure 1 illustrates a cross-sectional view of an air mass flow controller valve according to 
a preferred embodiment of the invention. 

[0009] Figure 2 illustrates an orthogonal view of the air mass flow controller valve of Figure 1. 
Detailed Description of the Preferred Embodiment 

[001 0] Figiures 1 and 2 illustrate an air mass flow controller valve 10 according to a preferred 
embodiment. The air mass flow controller valve 10 can deliver air to a reformer of a fuel cell (not 
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shown) on board a vehicle or anywhere else that is necessary, such as, for example, in a fuel cell 
generating plant. In particular, as shown in Figure 2, the controller valve 10 includes, preferably, 
single inlet 22 and two outlet channels. The two outlet channels include a first outlet channel 35a 
and a second outlet channel 35b enclosed in a housing. Each channel is provided with a closiure 
member that regulates air flow between the inlet and the respective outlet channel. The closure 
member in each actuating device can be actuated by an actuating device. Preferably, a first actuating 
device 45 regulates the closure member in first outlet channel 35a, and the closure member in the 
second outlet channel 35b is regulated by a second actuating device 55. Although the first outlet 
channel 35a and the first actuating device 45 is described in greater detail below, it is to be 
understood that the description of the first outlet channel 35 a, the inlet 22, the actuating device 45 
and the housing is also applicable to the second actuating device 55 and the second outlet channel 
35b. 

[001 1] Figure 1 shows a side view of the air mass flow controller valve 10. The valve 10 includes 
an inlet housing 20. The inlet housing 20 has an inlet 22, which is disposed along a first axis A. The 
cross-section of the inlet can be circular, rectangular or any other polygonal cross-sectional shapes. 
Preferably, the cross-section of the inlet 22 is circular. The inlet 22 has a first portion 24 and a 
second portion 26. A cross-sectional area of the first portion 24 can be the same as the cross- 
sectional area of the inlet 22. A cross-sectional area of the second portion 26 can be greater than the 
cross-sectional area of the first portion 24. Preferably, the difference in cross-sectional areas of the 
first portion 24 and the second portion 26 results in a decrease in air pressure flowing to the second 
portion. The first portion 24 and the second portion 26 may be coupled together by bonding or 
welding two separate portions. Preferably, the first and second portions are formed as a single piece 
unit which is then fixedly attached to the housing. 

[0012] The air mass flow controller valve 10 includes at least a first air channel 35a and a second 
air channel 35b (Figure 2) that can communicate with at least one inlet 22. The first air channel 35a 
includes a first inlet channel 30 and a first outlet channel 34. The first inlet channel 30 and the first 
outlet channel 34 communicate with the inlet 22, and are both disposed along a second axis B. The 
second air channel 35b includes a second inlet channel (not shown) and second outlet channel (not 
shown). To maintain brevity, details of the second air channel 35b are not shown. It should be 
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understood, however, that the second inlet channel and the second outlet channel of the second air 
channel 35b are configured in the same manner as the first air chaimel 35a as described herein. 
[0013] At least one pressure sensor is disposed proximate the first inlet channel 30. Preferably, a 
first pressure sensor 27 is disposed on an inner wall of the second portion 26. The first pressure 
sensor 27 can be a strain-gauge or piezo-electric type pressure sensor or a resistor type sensor. 
Preferably, the first pressure sensor 27 is a piezo-electric type pressure sensor. 
[0014] The first inlet channel 30 includes a first inlet portion 3 1 disposed along the first axis A and 
a first outlet portion 32 disposed along an axis transverse to the furst axis A. The first outlet channel 
34 includes a first inlet portion 33 disposed proximate the first outlet portion 32 along an axis 
transverse to the first axis A. The first outlet channel 34 constitutes part of the first channel 35a 
disposed along the fourth axis D. 

[001 5] A seat portion 36 connects the first inlet portion 33 and the first outlet portion 32 to present 
a generally flat seating surface 36a on which a sealing member 37, preferably an 0-ring, is disposed 
thereon. The seat portion 36 includes an opening extending through the seat portion 36 along the 
third axis C. The depth of the opening can be defined as a distance between the first axis A and the 
fourth axis D. A first closure member 40 is disposed, in one position proximate the first inlet 
channel 30, the first outlet channel 34, and the 0-ring 37 of the seat portion 36. The first closure 
member 40 is movable to a plurality of positions along the third axis C, including a first position and 
a second position. When the closure member 40 is in the first position, air can flow between the first 
inlet channel 30 and the first outlet channel 34, whereas in the second position, the closure member 
40 prevents communication between the first inlet chaimel 30 and the first outlet channel 34. The 
closure member 40 has a stem 40a that is disposed along the third axis C and a seating member 36a 
that is disposed along the first axis A and the second axis B. The stem and the seating member of 
the closure member 40 can be formed as a two-piece assembly. Preferably, the stem 40a is 
integrally formed with the seating member 36b. The seating surface 36a is disposed in a confironting 
arrangement with the seating member 36b of the first closure member 40. Again, the seating surface 
36a of the seat portion 36 may also include at least one sealing member 37, such as an 0-ring, 
disposed between the seating surface of the seat portion 36 and the seating member 36b of the first 
closure member 40. 
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[0016] In order to move the closure member 40 to different positions along the third axis C, at least 
one actuating device can be provided to actuate each closure member. Preferably, two actuating 
devices 45 and 55 (Figure 2) are provided. The actuating devices 45 and 55 can include pneumatic 
actuators or electrical actuators. Preferably, the actuating device 45 is an electromagnetic actuator 
that includes an armature assembly 42 coupled to the first closure member 40, and disposed along 
the third axis C. The armature 42 is displaceable along the third axis C when electromotive forces 
are introduced into electromagnetic coil 45a. The electromotive force introduced to the coil 45a is 
believed to induce the generation of electromagnetic flux in the electromagnetic coil 45a that flows 
to the armature 42. The flow of magnetic flux to the armature 42 tends to move the armature 42 
towards a pole piece 45b so as to complete a magnetic circuit from the coil 45a to the amiature 42, 
the pole piece 45b and back to the coil 45a. Upon deactivation of the device 45, a sliding bearing 44 
can be provided to act as a stopper for the armature 42. A position sensor 45c is preferably 
positioned on an end of the pole piece 45b. Data from the first pressure sensor 27 and the position 
sensor 45c can be used to determine an air mass amount. 

[001 7] When the device 45 is actuated, the magnitude of displacement of the armature assembly 
42 is generally equivalent to the amount of air permitted to flow between the first inlet channel 30 
and the first outlet channel 34. The actuating device 45 is responsive to the first pressure sensor 27 
and the position sensor 45c to regulate the amount of air flow between the inlet 22 and the first 
channel 35a as a function of a target air mass amount or a target air mass flow rate. Preferably, the 
actuating device 45 can be controlled by electrically connecting the coil 45 a to a controller (not 
shown) that outputs a pulse width modulated signal. Here, the pulse width modulated signal 
represents the target air mass amount or the target air mass flow rate as determined by the controller 
(not shown). The pulsewidth-modulated signal can be feedback controlled by a "processed signal" 
from the first pressure sensor 27 and the position sensor 45c to the controller (not shown). As used 
here, the term "processed signal" indicates that the signal from the first pressure sensor 27 and the 
position sensor 45c can be processed by an analog to digital converter, and then subsequently treated 
so that this processed signal can be used to determine the feedback error signal to control the 
actuating device 45. 
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[0018] Although a pressure sensor and a position sensor can be used to determine the airmass flow 
rate in one preferred embodiment, it is contemplated that, in another preferred embodiment, the 
pressure sensor and the position sensor can be replaced with a single airmass sensor 28 disposed in 
each outlet channel of outlet channels 34 and 35. A signal from the airmass sensor 28 can be 
processed and treated such that this signal can be used to determine the feedback error signal needed 
to control the actuating device 45 as described above. The airmass sensor can be a hot-wire type or a 
resistive type airmass sensor. Preferably, the airmass sensor 28 is a hot-wire type airmass sensor. 
[0019] The actuating device 45 is disposed in an actuator housing 46 that includes a first wall 46a 
and a second wall 46b disposed along the third axis C, a third wall 46c disposed along the second 
axis B, and a fourth wall 46d disposed along the fourth axis D. The first wall 46a and the third wall 
46d are formed as part of the first inlet portion 3 1 . The second wall 46b and the fourth wall 46d are 
formed as part of the second outlet portion 35. The actuator housing 46 further includes a sensor cap 
50, which is configured to couple with the first wall 46a and the second wall 46b in a locking 
arrangement. The locking arrangement may be achieved by a plurality of locking clips 52 extending 
from a base of the sensor cap 50. The cap 50 also includes an electrical connector 60 that can be 
used to couple the controller (not shown) to the first pressure sensor 27 and the position sensor 45c 
in each channel and the controller (not shown) to the actuating device 45. 

[0020] The operation of one of the actuating devices 45, 55 in the air mass flow controller valve 10 
will now be described. Specifically, in the actuating device 45, the armature 42 acts in response to 
signals provided by a controller or by the first pressure sensor 27 and the position sensor 45c (or a 
single airmass sensor 28) to regulate the flow of air by displacing the first closure member 40 
between the first position and the second position. In the first position, the first closure member 40 
is unseated. Thus, air that flows into the inlet 22 flows through the first inlet channel 30 past the first 
closure member 40 and through the first outlet channel 34 exiting the air mass flow controller valve 
10 through the second outlet portion 35. In the second position, the first closure member 40 is seated 
against the seat portion 36 and the sealing member 37. Thus, air that flows into the inlet 22 flows 
into the first inlet charmel 30, but is prevented from flowing through the first outlet channel 34 by 
the seating of the first closure member 40. Likewise, the air flow through the second channel 35b 
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can also be regulated by the other actuating device 55 and its associated closure member, pressure 
and position sensors (or a single airmass sensor). 

[0021] While the present invention has been disclosed with reference to certain embodiments, 
numerous modifications, alterations and changes to the described embodiments are possible without 
departing from the sphere and scope of the present invention, as defined in the appended claims. 
Accordingly, it is intended that the present invention not be limited to the described embodiments, 
but that it has the full scope defined by the language of the following claims, and equivalents 
thereof. 
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